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(54) Magnetic tunnel junction device with improved ferromagnetic layers 



(57) An improved magnetic tunnel junction (MTJ) 
device for use in a magnetic recording read head or in 
a magnetic memory storage cell is c omprised of two fer - 
r omagnetic layers, a "hard" or "fixed" ferromagnetic lay - 
era nd a sensing nr " irpo " fgrmmagnotir layer, which are 
Qopa r ^tP H hy-q th ir> i^cniQtinr) tunnelling Inypr Fach of 
th e ferromagnetic layers is a multilayer for med from two 
thi nner ferromag netic fitrric mnpioH ^ntitor r ^ ma aneTr- 

C a[lv to Q nA flpnthnr grrncr n th i n nntifnrrnmagnotir^|ly 

coupling film. T he antiferromagnetically coupling film is 
chosen, with regard to material composition and thick- 



s andwich it to have their magnetic moments arranged 
a ntiparallel to one other in the absence of external ma g- 
n etic fields. The magnetic moments of the fixed ferro - 
ma gnetic multilayer and free ferromagnetic layer can be. 
c fiosen to be arbitrarily small bv ma k ing th A twn ferro- 
magnetic films comprising each of them to have sub- 
stant ially the same ma gnetic moment. I nus the dipule 
fie lds from each of the fixed and tree ferromagnetic mui : 
til avers can be minimized, the reby reducing the mag- 
net ic interaction between the fixed ferromagnetic m ulti- 
layer and the free ferromagnetic multilayer. 



CM 
< 

O 
CO 
00 

CO 

T— 

o 

CL 
LU 




FIG. &A 



Printed by Jouve, 75001 PARIS (FR) 



3DCCID: <EP 0913830A2_L 



EP 0 91 3 830 A2 



Description 

Technical Field 

[0001] This invention relates in general to a magnetic 
tunnel junction (MTJ) device and more particularly to a 
MTJ device for use as a magnetoresistive (MR) head 
for reading magnetically-recorded data or for use as a 
magnetic storage cell in a magnetic nonvolatile memory 
device. More particularly, this invention relates to a MTJ 
device with improved ferromagnetic layers. 

Background of the Invention 

[0002] A magnetic tunnel junction (MTJ) device is 
comprised of two ferromagnetic layers separated by a 
thin insulating tunnel barrier layer and is based on the 
phenomenon of spin-polarized electron tunnelling. One 
of the ferromagnetic layers has a higher saturation field 
in one direction of an applied magnetic field, typically 
due to its higher coercivity than the other ferromagnetic 
layer. The insulating tunnel barrier layer is thin enough 
that quantum mechanical tunnelling occurs between the 
ferromagnetic layers. The tunnelling phenomenon is 
electron-spin dependent, making the magnetic re- 
sponse of the MTJ a function of the relative orientations 
and spin polarizations of the two ferromagnetic layers. 

[0003] MTJ devi ce haw hggn pr npogpH primarily aft 
memory cells for solid state memory. T he state of the 
MTJ memory cell is determined by measuring the resist- 
ance Of the MTJ When f» fifinsp r\irrt>n\ k pa^^H por- 

p endicularlv through the MTJ from one ferromagnet ic 
layer to thftnthfif The probability of tunnelling of charge 
carriers across the insulating tunnel barrier layer de- 
pends on the relative alignment of the magnetic mo- 
ments (magnetization directions) of the two. ferromag- 
netic layers. The tunnelling current is spin polarized, 
which means that the electrical current passing from one 
of the ferromagnetic layers, for example, a layer whose 
magnetic moment is fixed or prevented from rotation, is 
predominantly composed of electrons of one spin type 
(spin up or spin down, depending on the orientation of 
the magnetic moment of the ferromagnetic layer). The 
degree of spin polarization of the tunnelling current is 
determined by the electronic band structure of the mag- 
netic material comprising the ferromagnetic layer at the 
interface of the ferromagnetic layer with the tunnel bar- 
rier layer. The first ferromagnetic layer thus acts as a 
spin filter. The probability of tunnelling of the charge car- 
riers depends on the availability of electronic states of 
the same spin polarization as the spin polarization of the 
electrical current in the second ferromagnetic layer. 
Usually, when the magnetic moment of the second fer- 
romagnetic layer is parallel to the magnetic moment of 
the first ferromagnetic layer, there are more available 
electronic states than when the magnetic moment of the 
second ferromagnetic layer is aligned antiparallel to that 
of the first ferromagnetic layer. Thus, the tunnelling 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



probability of the charge carriers is highest when the 
magnetic moments of both layers are parallel, and is 
lowest when the magnetic moments are antiparallel. 
When the moments are arranged neither parallel nor an- 
tiparallel, the tunnelling probability takes an intermedi- 
ate value. Thus, the electrical resistance of the MTJ 
memory cell depends on the spin polarization of the 
electrical current and the electronic states in both of the 
ferromagnetic layers. As a result, the two possible mag- 
netization directions of the ferromagnetic layer whose 
magnetization direction is not fixed uniquely define two 
possible bit states (0 or 1 ) of the memory cell. Although 
the possibility of MTJ memory cells has been known for 
some time, serious interest has lagged because of dif- 
ficulties in achieving responses of the magnitude pre- 
dicted in practical structures and at noncryogenic tem- 
peratures. 

^[0004] A magnetoresistive (MR) sensor detects mag- 
netic field Signals through thft rpgictanrg ^hang,^ nf a 
r ead elemen t, fabricated of a magnetic material, as a 
function of the strength and direction of magnetic flux 
being sensed by the read element. The conventio nal 
MR sensor, such as that used as a MR^ read head for 
reading data in magnetic recording disk drives, operates 
on the basis of the anisotropic magnetoresistive (AMR) 
effect of the bulk magnetic material, which is typically 
permalloy (Ni 8l Fe 19 ). A component of the read element 
resistance varies as the square of the cosine of the an- 
gle between the magnetization direction in the read el- 
ement and the direction of sense current through the 
read element. Recorded data can be read from a mag- 
netic medium, such as the disk in a disk drive, because 
the external magnetic field from the recorded magnetic 
medium (the signal field) causes a change in the direc- 
tion of magnetization in the read element, which in turn 
causes a change in resistance of the read element and 
a corresponding change in the sensed current or volt- 
age. 

[0005] The use of a MTJ device for a memory app li- ^ypff^ 
c ation has been proposed, as described in U.S. Paren t 
5.640.343 a nd IBM's U fi Patent fi,fi 50,958. The use o f 
a MTJ device as a MR read head has also been pro- 
posed, as described in U.S. Patent 5,390,061. One of 
the problems with such MTJ devices is that the magnet- 
izations of the ferromagnetic layers generate magnetic 
dipolar fields. This leads to a magnetostatic interaction 
between the ferromagnetic layers within a particular de- 
vice and to magnetostatic interactions between MTJ de- 
vices in an array of such MTJ devices, such as an array 
of MTJ memory cells proposed for a nonvofatile mag- 
netic memory array. The magnetostatic interaction be- 
come increasingly important as the cross-sectional area 
of the MTJ device or devices is reduced. For memory 
applications the magnetostatic interactions between 
neighboring MTJ memory cells means that the proper- 
ties of an individual MTJ memory element will be affect- 
ed by the state of the neighboring MTJ memory ele- 
ments. This will limit the packing density of the MTJ el- 
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ements in an array since neighboring MTJ memory el- 
ements have to be spaced further apart than would oth- 
erwise be required. For MR read head applications the 
magnetostatic interaction between the ferromagnetic 
layers within the MTJ device limits the performance of 
the device. In addition, the magnetization of the flux 
sensing layer in the MR read head has to be progres- 
sively reduced as the data storage capacity of the mag- 
netic recording system is increased to obtain the best 
performance. 

[0006] In US patents 5,477,482 and 5,541,868 it is 
proposed that giant magnetoresistance (GMR) ele- 
ments in the shape of hollow cylinders or hollow wash- 
ers be used to reduce magnetostatic interactions be- 
tween elements in a magnetic memory array of GMR 
elements. This method is not useful for MR read head 
applications. Moreover this method introduces consid- 
erable complexity into the fabrication of the individual 
magnetic elements. Furthermore these elements are of 
necessity large since the elements will comprise several 
minimum-area lithography squares in order to create el- 
ements with hollow interiors. Thus these elements are 
not suitable for high density memory applications. 
[0007] w hat is needed is a MT.I device in which , j h*> 
fe rromag netic la yers have reduc ed net ma gnetic rn o- 
me nts such that the magnetostatic interactions between 
t hese layers within a single device (for MR read head 
a pplications) or between MTJ device s (for mammy ap- 
pli cations) can be reduced in a rnntrnllpH manrw with- 
o ut significantly increasing the complexity of fabrication 
nf thfi MTJ device 

Summary of the Invention 

[0008] The present invention provides a magnetic 
tunnel junction device comprising: a fixed fer rftir >ar p^t^i 
multilayer whnsp magnetic moment is fixed in a pre- 
f erred direction in the presence of an applied magnetic 
f ield, the fixed ferromagnetic multilayer comprising first 
and second ferromagnetic films ant ifprromagnptically 
c oupled to one another and an antiferromagnetically 
c oupling film located between and in contact with the 
f irst and second ferromagnetic films; a free ferroma g- 
n etic multilayer whose magnetic mom flnt ic fro ° to r ^ tai f 
in the presence of a n applied m*gngtin field the free 
f erromagnetic multilayer comprising first and second 
ferromagnetic films antiferromagnetically coupled to 
one anoth er and an antiferromagnetically coupling film 
l ocated between and in cont act with thp first and Rflronri^ 
ferromagnetic films; and an insulating tunnel ling layer 
l ocated between and in contact with the fixed ferrp my> rp" 
neti c multilayer and the free ferromagnetic multilayer for 
p ermitting tunn e l ing ^"Tnnt hrtwn nn th n 1\* mm 1 h t 11 1 f " Q 
fe rromagnetic multilayers. 

[0009] The invention according to a preferred embod- 
iment is an improved MTJ device for use especially in a 
magnetic recording read head in a magnetic recording 
system or in a magnetic memory storage cell in a mag- 



netic nonvolatile memo ry. The MTJ device is essentially 
comprised of two ferromagnetic layers, a "hard" or 
"fixed" ferromagnetic layer and a sensing or "free" fer- 
romagnetic layer, which are separated by a thin insulat- 

s ing tunnelling layer. An improved MTJ de yirft nhtainoH 
bv using laminated ferromagnetic layers in which each 
of the fixed and free ferromagnetic lavers is formed from 
at least two thinner ferromagnetic sublayers coupled an - 
tiferromagnetically to one annth,Pr arrg^s a thin nnnf^r- 

10 ro magnetic spacer layer. The spacer layer or antiferro- 
ma gnetically coupling layer is cho sen with regard jo 
material composition and thickness, so that it causes the 
two ferromagnetic sublayers which sandwich it to hav e 

thPir mag netic , rn^n^ril^^anrpH antiparallpl tn nrifi 

is other in the absence of external magnetic fields. The 
m agnetic moments of the fixed ferr omagnetic layer and 
t hat of the free ferromagnetic layer can be chosen to be 
arbit r arily small by making the two ferromagnetic sub- 
l a"yers comprising each of them t o have substantially the 

20 s ame magnptir moment Thus thR mpnip neins uom 
each of the fixed and free ferromagnetic layers in the 
MTJ device can be minimized, thereby reducing the 
magnetic interaction between the fixed ferromagnetic 
layer and the free ferromagnetic layer. For magnetic re- 

25 cording read head applications the improved MTJ de- 
vice has improved sensitivity to magnetic fields. In ad- 
dition, the fixed ferromagnetic layer is more stable 
against external perturbations including both magnetic 
field and temperature excursions The improved MTJ 

30 device thereby allows for magnetic recording systems 
with higher areal densities of stored magnetic bits. For 
magnetic memory applications the improved MTJ mem- 
ory element has reduced interactions with neighboring 
elements, thereby enabling greater packing densities of 

35 these elements and thus increased memory capacities. 
[001 0] For a fuller understanding of the nature and ad- 
vantages of the present invention, reference should be 
made to the following detailed description of a preferred 
implementation of the invention taken together with the 

40 accompanying figures. 

Brief Description of the Drawing 

[0011] Fig. 1 is a simplified block diagram of a con- 
45 ventionat magnetic recording disk drive tor use with the 
MTJ MR read head according to the present invention. 
[0012] Fig. 2 is a top view of the disk drive of Fig. 1 
with the cover removed. 

[0013] Fig. 3 is a vertical cross-section of a conven- 
so tional inductive write head/MR read head with the MR 
read head located between shields and adjacent to the 
inductive write head. 

[0014] Fig. 4 A shows a cross-section view of a MTJ 
MR read head of the present invention. 
55 [0015] Fig. 4B is a cross-section of the MTJ element 
making up the MTJ MR read head shown in Fig. 4A. 
[0016] Figs. 5A-C show magnetoresistance versus 
field curves for three MTJ devices with no antiparallel 
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coupled fixed ferromagnetic and sensing ferromagnetic 
layers (5A) : with an antiparallel coupled fixed ferromag- 
netic multilayer (5B) and with both antiparallel coupled 
fixed ferromagnetic and sensing ferromagnetic multilay- 
ers (5C) for a limited magnetic field range. 
[0017] Fig. 6 shows the magnetoresistance versus 
field curve of the same structure whose response is 
shown in Fig. 5A, but over a magnetic field range suffi- 
ciently large to reorient completely the fixed ferromag- 
netic layer. 

[001 8] Fig. 7 A shows the resistance versus field curve 
of a MTJ device with a antiparallel coupled fixed ferro- 
magnetic layer over an extended magnetic field range. 
[001 9] Fig. 7B shows the resistance versus field curve 
of a MTJ device with a antiparallel coupled fixed ferro- 
magnetic layer over a limited field range. 

Detailed Description of the Invention 

Prior Art 

[0020] Although the MTJ device of the present inven- 
tion will be described below as embodied as a MR sen- 
sor in a magnetic recording disk drive, the invention is 
also applicable toother MTJ applications, such as mem- 
ory cells, and other magnetic recording systems, such 
as magnetic tape recording systems. 
[0021] Referring first to Fig. 1, there is illustrated in 
sectional view a schematic of a prior art disk drive of the 
type using a MR sensor. The disk drive comprises a 
base 1 0 to which are secured a disk drive motor 1 2 and 
an actuator 1 4, and a cover 1 1 . The base 1 0 and cover 
1 1 provide a substantially sealed housing for the disk 
drive. Typically, there is a gasket 13 located between 
base 10 and cover 11 and a small breather port (not 
shown) for equalizing pressure between the interior of 
the disk drive and the outside environment. A magnetic 
recording disk 16 is connected to drive motor 12 by 
means of hub 18 to which it is attached for rotation by 
the drive motor 12. A thin lubricant film 50 is maintained 
on the surface of disk 16. A read/write head or transduc- 
er 25 is formed on the trailing end of a carrier, such as 
an air-bearing slider 20. Transducer 25 is a read/write 
head comprising an inductive write head portion and a 
MR read head portion, as will be described with respect 
to Fig. 3. The slider 20 is connected to the actuator "14 
by means of a rigid arm 22 and a suspension 24. The 
suspension 24 provides a biasing force which urges the 
slider 20 onto the surface of the recording disk 16. Dur- 
ing operation of the disk drive, the drive motor 1 2 rotates 
the disk 16 at a constant speed, and the actuator 14, 
which is typically a linear or rotary voice coil motor 
(VCM), moves the slider 20 generally radially across the 
surface of the disk 1 6 so that the read/write head 25 may 
access different data tracks on disk 16. 
[0022] Fig. 2 is a top view of the interior of the disk 
drive with the cover 11 removed, and illustrates in better 
detail the suspension 24 which provides a force to the 



slider 20 to urge it toward the disk 16. The suspension 
may be a conventional type of suspension, such as the 
well-known watrous suspension, as described in IBM's 
U.S. Patent 4,167,765. This type of suspension also 

5 provides a gimbaled attachment of the slider which al- 
lows the slider to pitch and roll as it rides on the air bear- 
ing. The data detected from disk 16 by the transducer 
25 is processed into a data readback signal by signal 
amplification and processing circuitry in the integrated 

io circuit chip 1 5 located on arm 22. The signals from trans- 
ducer 25 travel via flex cable 1 7 to chip 1 5, which sends 
its output signals to the disk drive electronics (not 
shown) via cable 19. 

[0023] Fig. 3 is a cross-sectional schematic view of 

is the integrated read/write head 25 which includes a MR 
read head portion and an inductive write head portion. 
The head 25 is lapped to form an air-bearing surface 
(ABS), the ABS being spaced from the surface of the 
rotating disk 16 (Fig. 1) by the air bearing as discussed 

20 above. The read head includes a MR sensor 40 sand- 
wiched between first and second gap layers G1 and G2 
which are, in turn, sandwiched between first and second 
magnetic shield layers S1 and S2. In a conventional disk 
drive, the MR sensor 40 is an AMR sensor. The write 

2S head includes a coil layer C and insulation layer 12 which 
are sandwiched between insulation layers 11 and 13 
which are, in turn, sandwiched between first and second 
pole pieces P1 and P2. A gap layer G3 is sandwiched 
between the first and second pole pieces PI , P2 at their 

30 pole tips adjacent to the ABS for providing a magnetic 
gap. During writing, signal current is conducted through 
the coil layer C and flux is induced into the first and sec- 
ond pole layers PI , P2 causing flux to fringe across the 
pole tips at the ABS. This flux magnetizes circular tracks 

3$ on the rotating disk 16 during a write operation. During 
a read operation, magnetized regions on the rotating 
disk 1.6 inject flux into the MR sensor 40 of the read 
head, causing resistance changes in the MR sensor 40. 
These resistance changes are detected by detecting 

40 voltage changes across the MR sensor 40. The voltage 
changes are processed by the chip 1 5 (Fig. 2) and drive 
electronics and converted into user data. The combined 
head 25 shown in Fig. 3 is a "merged" head in which the 
second shield layer S2 of the read head is employed as 

45 a first pole piece PI for the write head. In a piggyback 
head (not shown), the second shield layer S2 and the 
first pole piece P1 are separate layers. 
[0024] The above description of a typical magnetic re- 
cording disk drive with an AMR read head, and the ac- 

so company ing Figs. 1-3, are for representation purposes 
only. Disk drives may contain a large number of disks 
and actuators, and each actuator may support a number 
of sliders. In addition, instead of an air-bearing slider, 
the head carrier may be one which maintains the head 

55 in contact or near contact with the disk, such as in liquid 
bearing and other contact and near-contact recording 
disk drives. 
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Preferred Embodiments 

[0025] The present invention is a MTJ device with an- 
tiferromagnetically coupled multilayers functioning as 
the fixed and free ferromagnetic layers. In one embod- 
iment the MTJ device is the sensor in an MR read head 
and is used in place of the MR sensor 40 in the read/ 
write head 25 of Fig. 3. 

[0026] p lfl 4 A iQ a ftftrtip n view of the MTJ MR read 
head of the present invention as it would appear if taken 
t hrough a plane whose edge is shown as line 42 in Fig. 
3 and viewed from the disk surface. Thus the paper of 
Fig. 4A is a plane parallel to the ABS and through sub- 
stantially the active sensing region, i.e. : the tunnel junc- 
tion, of the MTJ MR read head to reveal the layers that 
make up the head. The MTJ MR read head includes a 
b ottom electrical lead 102 formed on the gap laye r G1 
substrate, a top electrical lead 104 below gap layer G2, 
and the MTJ device 1 00 formed as a stack of layers be- 
tween top and bottom electrical leads 102, 104. 
[0027] The MTJ 100 includes a first electrode multi- 
jayer str i p k no anjnsulating tunnel barrier layer 12 0, 
a nd a top electrode stack 1 30. Each of the electro des 
i ncludes a ferromagnetic rr» iitilay^ r in Hir^rt rnntar.t wjth 
tunnel barrier layer 120. i.e., pinned or fixed ferroma g- 
neti c multilayer 118 and free or sensing ferromag netic 
multilayer 1 32 _ 

[0028] The base electrode layer stack 110 formed ^qp 

el ectrical lead 102 'nrtf' lHog n ^ nnH nr "tnmplntn" Inyiar 
1 12 On tP <* l^pH ID? a lay^r rrf antif a rrnm agna tic mate- 

ri aj 116 on the tem p l ate l aypr 11 ° , c,r>H n fivnH frtrronn ^n- 
netic multilayer 118_formed on and exchange couple d 
with the underlying antiferromagnetic layer 116 . The fer- 
romagnetic multilayer 118 is called the fixed layer be- 
cause its net magnetic moment or magnetization direc- 
tion is prevented from rotation in the presence of applied 
magnetic fields in the desired range of interest. The top 
electrode stack 130 includes a sensing ferromagnetic 
multilayer 132 and a protective or capping layer 134 
formed on the sensing multilayer 132. T he sensing fer- 
roma gnetic multilayer 132 is not exchange coupled to 
an anirferrom agnetic layer, and its net magnetic mom ent 
o r magnetization direction is thus free to rotate in th e 
presence of applied magnetic fields in the range o f in- 
terest. The sensing ferromagnetic m ultilayer 1 32 is fab- 
ricated so as^to have its net magnetic moment or m aCT 
netizati on direction (shown by arro w 133) oriented gen - 
e rally parallel 16 I ne aps (i-ig. 3) and generally perpen- 
dicular to the magnetization direction of the fixed ferro- 
magnetic multilayer 118 in the absence of an applied 
magnetic field. The fixed ferromagnetic multilayer 118 
in electrode stack 110 just beneath the tunnel barrier lay- 
er 1 20 has its magnetization direction fixed by interfacial 
exchange coupling of its lower ferromagnetic layer 200 
with the immediately underlying antiferromagnetic layer 
116, which also forms part of bottom electrode stack 
110. The magnetization direction of the fixed ferromag- 
netic multilayer 118 is oriented generally perpendicular 



^ t 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 




to the ABS, i.e., out of or into the paper in Fig. 4A (as 
shown by arrow tail 119). (In a magnetic memory app li- 
cation for the MTJ device, the magneti/ f^nn Hirprtiong 
of the fixed ferromagnetic laver 118 and sensing ferro - 
magnetic layer 132 would be aligned either paralleLo r 
antiparallel to one another in the absence of an applied 
ma gnetic field, a nd the magnetization direction of the 
sensing ferromagnetic layer 132 would switch between 
parallel and antiparallel in the presence of an applied 
magnetic field caused by write current to the memory 
element). 

[0029] As s hown in Fig. 4B. th<* fixed ferromagnetic 
multil ayer 118 is comprised of a sandwich of two ferro- 
ma gnetic films 2Q D ^H H 00R -^paratoH hy ^ nnnfprrn- 

magne tic film 210 for the purpose of coupling the fe rro- 
magnetic fil ms 200 and 225 antiferromaQneticallv s uch 
that th e magnetic moments of films 200 and 225 are ar- 
rance3"an tiparallel to one another. The two ferrom ag- 
neti c films200, 225 in the laminated fixed ferromagn etic 
multilayer 118 have magnet ic moments that are ant ipar- 
allef due lu aw antiferromagnetic exchange cou pling 
thro ugh the antiferromagneticaliy coupling filrn 21 0. be- 
cause of this antiferromagnetic coupling, and because 
the two ferromagnetic films2Q^225 can be made to 
have substantially the £arne thicknes5 >the magnetic 
moments of each of the films essentially cancel each 
other so that there is essentially no net magnetic mo- 
ment in the fixed ferromagnetic multilayer 118. Thus, 
there is essentially no magnetic dipole field generated 
by the fixed ferromagnetic multilayer 118, and thus no 
magnetic field to affect the direction of magnetization of 
the sensing ferromagnetic layer 132. Because it is nol 
possible to nm ris nl v f o rm o ooh of the f il mo to the oxac t 

camojhii-fcriftftc th n nnl r^ium,;] ■ if fjyu^d4^ rrnmn g-^ 

neTl c"miirtilayer 11fl W MI ''^'y ho => email hut nnn 7Prn\/aJ- 

ue a s a natural result of the normal deposition process . 
However, it m ay be desirable to deliberately deposit one^- ^jJu/\&^ 
of the fixed ferromagnetic films 200, 225 to a thickness 
slightly greater than that of the other film so that there 
would be a small nonzero net magnetic moment in the 
fixed ferromagnetic multilayer 118. This would assure 
that the magnetization of the fixed ferromagnetic multi- 
layer 118 is stable in the presence of small magnetic 
fields so that the direction of its magnetization is predict- 
able during the thermal setting of the antiferromagnetic 
exchange layer 116. 

[0030] Si milarly the ferromagnetic laver 132 is com- C^- ^ 

p rised of two ferromagnetic films 245 and 270 separate d 

by a thin nonferromagnetic film 260 wh ich couples the v * 

moment* of filpnq OA* =>r.H ?7H ^ n fjf firromagnetically . 

The films 200 and 225 in fixed ferromagnetic layer 118 

and films 245 and 270 in sensing ferromagnetic la yer . . ^^^/^ 

132^may themselves be comprise d of more than one f ^ 

f erromagnetic film but the nhaqnfttir moments of these -t*^ 

subfilms will be aligned parallel to one another because K " 

adjacent ferromagnetic films will be coupled ferromag- ^ / 

netically to one another For example, in Fig. 4Bthefer- Z^ 1 *^ j&JL 

romagnetic film 245 is depicted as being formed of two 0*lt^fJ J~ 
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ferromagnetic subfilms 240 and 250. The net magnetic, 
moment of film 245 is the sum of the magnetic moments 
erf the subfi lms 240 and 250. Bv contrast, the magnetic 
^ I moment of the sensing ferromagnetic lave r 1ft? fa* 
th e difference of the moments of the films 245 and 270 
since the magnetic moments of these layers are aligned 
antiparallel to one another because of the presence of 
the antiparallel coupling layer 260. If each subfilm i has 
a thickness t j and defining these films to have unit thick- 
ness in the direction perpendicular to the plane of the 
paper in Fig. 4 the p the magnetic moment of the subfilm 
i is M ; *t ; where M; is the moment per unit area of this 
l ayer^fi/j; will be positive or negative depending op th e 
y6i rection of the moment of the subfilm i along thg Hirer - 

/t ion parallel to the ABS fthe direction of the arrow 133 
in Fig. 4A). Thus the net moment of the sensing ferro- 
. V V magnetic layer 1 32 will the sum of the moments of each 
subfilm or film, taking into account the sign of Mj, i.e., 
the net moment of the sensing ferromagnetic layer is Zj 
Mj*tj. The net moment of the sensing ferromagnetic lay- 
er 132 is less than the sum of the modulus of the mo- 
ments of the individual films or subfilms (i.e. Zj IMjl*tj) 
because of the presence of the antiparallel coupling lay- 
er 260. An effective thickness of this layer may be de- 
fined as the equivalent thickness of a particular magnet- 
ic material which would have the same magnetic mo- 
ment as that of the sensing ferromagnetic layer. For ex- 
ample an equivalent thickness of permalloy, t PY eff is giv- 
en by t PY eff = (Xj M i *t i )m Py I f the moments of the film s 
270^and 245 in ferromagnetic layer 1 32 are arranged to 
b e very similar then t PY efy can be made very smal l. 
[0031] Also shown in Fig. 4A is a biasing ferromag- 
netic layer 1 50 for longitudinally biasing the magnetiza- 
tion of the sensing ferromagnetic multilayer 1 32, and an 
insulating layer 1 60 separating and isolating the biasing 
layer 1 50 from the sensing ferromagnetic multilayer 1 32 
5 /*^> ^ and the other layers of the MTJ device 1 00. The biasing 
40*4 . ' f erromagnetic layer 150 is a hard magnetic matena T 



A** 



such as a CoPtCr all oy, that has its magnetic moment 
(shown by arrow 151) aligned in the same direction as 
the magnetic moment 1 33 of the sensing ferromagnetic 
multilayer 132 in the absence of an applied magnetic 
field. T he insula ting laye r 160, which is preferably a lu- 
mina (AI^U 3 ) or snica (5i0 2 ), nas a thickness sufficien t 
i creiecincaiiv isolate the biasing ferromagnetic layer 1 50 
f rom the MTJ 100 and the electri cal leads 102, 104, b ut 
is still thin enough to permit magnetostatic coupling 
(shown by dashed arrow 153) with the sensing ferro- 
magnetic multilayer 1 32. Each of the magnetic layers in 
the sensing ferromagnetic multilayer 132 has a thick- 
ness tj and a magnetic moment per unit area M ; (where 
the area is in the plane normal to the plane of the paper 
in Fig. 4A and normal to the ABS i.e. such that the di- 
rection of the arrow 133 in Fig. 4A is normal to this 
plane). T hen the net moment (taking accoun t of the di- 

r eCtiOn Of M j ) Of th ^ gifting forr^magr>atij~ nrn iltiloy r^ f -p Qr 

uni t length (perpendicular to the plane of the paper in 
Fig. 4A) defined by the sum of the products (i.e. Xj 
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MjMj) must be less than or equal to the M*t ctf the bias ing 
feTromagnetic layer 150 to assure stab le lor^gitudinal^r- 
jjsjrrg^£or example, if the films within the sensing TerTD^ 
magnetic multilayer 132 are comprised of permalloy 
N '(ioo-x) _fre (x) ( x being approximately 1 9) which is a typ- 
ical ferromagnetic material used in the sensing ferro- 
magnetic multilayer, and if the biasing ferromagnetic 
layer 1 50 is comprised of CoygPt^Cr^ which is a typical 
suitable hard magnetic material, then the moment per 
unit area of each permalloy film is about twice that of the 
biasing ferromagnetic layer. Thus the thickness of the 
biasing ferromagnetic layer 150 is at least approximate- 
ly twice that of the effective thickness t eff of the sensing 
ferromagnetic multilayer 132 where t etf in this case is 
simply lt 245 -t 270 l. 

[0032] A sense current I is directed from first e|ftctrir«a i 
l ead 102 perpendicularly through the ant [ferromagnetic 
l ayer 116, the fixed ferr nmannetic mnit^er nfi <tfte 
tunnel barrier layer 120. and the sensing ferromagnetic 
multilayer 132 and then out through the second_elecic i- 
cal lead 1 04._A s described previously, the amount of tun- 
nelling current through the tunnel barrier layer 120 is a 
function of the relative orientations of the magnetiza- 
tions of the fixed and sensing ferromagnetic multilayers 
1 1 8, 1 32 that are adjacent to and in contact with the tun- 
nel barrier layer 1 20. The magnetic field from the record- 
ed data causes the magnetization direction of sensing 
ferromagnetic multilayer 1 32 to rotate away from the di- 
rection 1 33, i.e., either into or out of the paper of Fig. 4. 
This changes the relative orientation of the magnetic 
moments of the ferromagnetic multilayers 118, 132 and 
thus the amount of tunnelling current, which is reflected 
as a change in electrical resistance of the MTJ 1 00. This 
change in resistance is detected by the disk drive elec- 
tronics and processed into data read back from the disk. 
The sense current is prevented from reaching the bias- 
ing ferromagnetic layer 150 by the electrical insulating 
layer 1 60, which also insulates the biasing ferromagnet- 
ic layer 150 from the electrical leads 102, 104. 
[0033] A representative set of materials for MTJ de- 
vice 100 (Fig. 4A-B) will now be described. All of the 
layers of the MTJ device 100 are grown in the presence 
of a magnetic field applied parallel to the surface of the 
substrate. The magnetic field serves to orient the easy 
axis of all of the ferromagnetic layers. A 5 nm Ta see d 
lay er (not shown) is first formed on a 10-50 nm Au laye r 
th at serves asjhe bottom electrical lead 10 2. The seed 
layer is comprised of a material which encourages the 
(111) growth of the face-centered cubic (fee) Ni 81 Fe 19 
template layer 112. The template ferromagnetic layer 
112 encourages the growth of theantiferromagnetic lay- 
er 116. Suitable seed layer materials include fee metals, 
such as Pt, Al, Cu, as well as Ta or a combination of 
layers, such as 3-5 nm Ta/3-5 nm Al. The MTJ base elec- 
trode stack 1 10 comprises a stack of 4 nm NimFru 7 * n 
Qm Mn cn F e^ |n / a nm r; n / n g "™ p,,/ ? nm Po (layers 112. 
- L16. and multilayer 118. comprised of layers 200. 210 
jand 225, respectively) grown on the Ta seed layer on 
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the 10-20 nm Au layer 102. The Au layer 102 is formed 
on the alumina gap material G1 that serves as the sub- 
strate. Next, the tunnel barrier layer 120 is formed _b y 
depositing and then plasma oxidizing a 0.5-2 nm ftl la v- 
er. Thi s creates the AI^O^ insulating tunnel barrier layer 
Ig flri he top electrode stack 1 30 is a 4 nm Ni -Fe/0.5nm 
Ru7 3 nm Ni-Fe/ 10 nm Ta stack (multilayer com- 
prised Of lay ers 245 260 and 970 and layer 1 34 respec- 
tively). The Ta layer 134 serves as a protective capping 
layer.^T he top electrode stack 1 30 is contacted by a 20 
nm Au layer that serves as the top electrical lead 104. 
[0034] Depending upon the mate rials selected for the 
ferromagnetic films 200, 225 and 245, 270 and their an- 
tiferromagnetically coupling film 210 and 260, respec- 
tively, there is a preferred antiferromagnetically coupling 
film thickness at which the ferromagnetic films become 
strongly antiferromagnetically coupled. For the case of 
the preferred Co/Ru/Co and Ni-Fe/Ru/Ni-Fe co mbina- 
t ions, the thirknocQ nf th*v Ri i antifgrmmarjn Atirally rni i- 

pling film can be selected from the well-known oscilla- 
tory coupling relationship described bv Parkin et al. in 
Phvs. Rev. Lett., Vol. 64, p. 2034 (1990). The peaks of 



J /t A -= , 

ft V^V h ' S osc '" atorv re|a fi° nsn 'P are those thicknesses at 
qju{ I which antiferromagnetic coupling of the two Co or Ni-Fe 
™ films occurs, resulting in the desired antiparallel alj gn- 

ment of t he magnetic moments in th e two Ni-Fe films. 
F or the Nli-Fg/Rii/|v)i-Fe combination, the greatest ant if- 
e rromagnetic exchange coupling strength occurs at le ss 
th an approximately 10 A. For the Co/Ru/Co c ombina- 
tior^ the greatest an tiferromaonetic exchange Kipling 
sTren oth occurs at less than approximately 10 A^The 
antiferromagnetically coupling film thickness must not 
be so thin, however, that a significant number of pin 
holes occur in the film, which would affect its antiferro- 
magnetic coupling strength. Thus, in the case of Ru : the 
preferred thickness is in the range of approximately 4-8 
A. 

[0035] Note that since the current passes perpendic- 
ular to the layers in MTJ device 100, the resistance of 
the MTJ device will be largely dominated by that of the 
tunnel barrier layer 120. Thus, the resistance pejmo it 

area Of the Conducting 109 1 04 nan hA mnrh higfv 

firthan in mm/Pntinnai MR rfiarj hfifl^ R in whirh th^ r^r- 

rent flows parallel to the layers. Thus. tb ,o i^hq m/L 
can be made thinner and/or narrower than in conven- 
ti onal MR head structures, and/or can be made from in - 
trinsic ally more resistive materials, such as alloys^ or 
c ombinations of elemen ts. 

[0036] It is important that the layers in the bottom elec- 
trode stack 110 be smooth, and that the Al 2 0 3 tunnel 
barrier layer 120 be free of pinholes which would elec- 
trically short the junction. For example, growth by sput- 
tering techniques known to produce good giant magne- 
toresistance effects in metallic multilayer stacks is suf- 
ficient. In the MTJ device 100, the direction of the mag- 
netic moments of the fixed and sensing ferromagnetic 
multilayers 118, 132, respectively, are approximately or- 
thogonal to one another in zero applied magnetic field. 



The direction of the moment of the fixed multilayer 118 
is largely determined by that of the exchange anisotropy 
field of the antiferromagnetic layer 116. The orientation 
of the moment of the sensing multilayer 132 is influ- 

s enced by a number of factors, including the intrinsic an- 
isotropy of the ferromagnetic multilayer layer itself and 
the shape of this layer. An intrinsic magnetic anisotropy 
can be induced in the sensing multilayer 132 by depos- 
iting it in a small magnetic field arranged to be perpen- 

10 dicular to that of the magnetization direction of the fixed 
layer 118. Proper orientation of the moment of sensing 
ferromagnetic multilayer 132 is accomplished by the 
presence of a longitudinal biasing ferromagnetic layer 
150. The magnetostriction of the sensing ferromagnetic 

is multilayer 1 32 is arranged to be close to zero (by choice 
of composition of the Ni-Fe alloy layers 245 and 270) so 
that any stresses in this layer induced by the fabrication 
process do not, of themselves, lead to any magnetic an- 
isotropy. 

20 [0037] Ir ian alternative sensing ferromagnetic multi- 
l ayer 1 32, ferromagnetic film 245 may include a thin sub- 
fi lm 240 of Co or Co^nn-^Fe^) or Ni tm H ) Fe ir ( x ' s ap * 
proximately 60) at the interface between film 245 and 
the tunnel barrier layer 1 20, with the remainder (subfilm 

2S 250) of the ferromagnetic film 245 and film 270 being 
formed from a low magnetostriction material, such as 

N'(ioo-x) Fe x ^ x ' s a PP rox ' mate 'y 19) The net magneto- 
striction of this type of sensing multilayer with a thin Co 
or Co (100 . x jFe^ x jj (x is in the range of 20-70) or 

30 Ni (100 _ x) Fe x (x is approximately 60) interface film is ar- 
ranged to have a value close to zero by slight variations 
of the composition of the bulk of the ferromagnetic films 
which comprise the multilayer 132. I n an alternativ e 
fixed ferromagnetic multilayer 118, ferromagnetic f ilm 

35 2 25 may be comprised largely of a bulk Ni^^^Fe ^ 
s ubfilm 220 with a thin subfilm 230 of a Co or 
Co nQQ . x ^Fe^ (x is in the range of 20-70) or Ni f ir>g_ v ^Fe y 
(x isapproximately 60) layer at the interface with the 
tu nnel barrier layer 120. The largest signal is obtained 

40 with Co or with the highest polarization Ni (100 _ x) Fe x (x is 
approximately 60) or Co (100 _ x) Fe (x) alloy (x is approxi- 
mately 50). The interface layer is optimally about 1 -2 nm 
thick. The net magnetostriction of the combined films is 
arranged to be close to zero by small variations of the 

45 composition. If the bulk of the films comprising the mul- 
tilayer 118 is Ni-Fe, then the composition is Ni 81 Fe 19 , 
the composition for which bulk Ni-Fe has zero magne- 
tostriction. 

[0038] The Fe-Mn antiferromagnetic layer 116 may be 
50 replaced with a Ni-Mn layer or other suitable antiferro- 
magnetic layer which exchange biases the ferromagnet- 
ic material in the fixed ferromagnetic layer 118 and 
which has a resistance which is substantially less than 
that of the Al 2 0 3 barrier layer. For Ni-Mn suitable seed 
55 layers 1 1 2 include Ti, W or Ti-W, 

[0039] Figs. 5A-5C compare the magnetoresistive re- 
sponse of a MTJ device without antiferromagnetically 
coupled fixed and free ferromagnetic layers to MTJ de- 
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vices according to the present invention. Data are in- 
cluded only for a limited field range for which the ferro- 
magnetic layer is fixed or pinned by its interaction with 
the exchange bias layer. Fig. 5A shows the resistance 
versus field curve of a structure of the form Si/ 50ATa/ 
150AAI/ 40ANi 81 Fe 19 / lOOAMn^Fe^ / 36A Ni 81 Fe 19 / 
15ACo/ 12AAI oxidized 120 seconds/ 100A Ni 81 Fe 19 / 
200AAI, where the fixed ferromagnetic layer is a single 
ferromagnetic layer (with a Co interface layer at the alu- 
mina tunnel barrier) and the free ferromagnetic layer is 
a single ferromagnetic layer. 

[0040] Fig. 5B shows the magnetoresistive response 
of a similar MTJ device but wherein just the fixed ferro- 
magnetic layer is an antiferromagnetically coupled mul- 
tilayer of 30ACo/7ARu/25ACo. The effective magnetic 
moment of the fixed ferromagnetic layer is only approx- 
imately 5A of cobalt which is approximately 7 times 
smaller than the moment of the fixed ferromagnetic layer 
of the structure in Fig. 5A. whereas in Fig 5A the resist- 
ance of the MTJ device is higher for small negative fields 
as compared to small positive fields, in Fig 5B the mag- 
netoresistive response is reversed and the resistance is 
higher in small positive fields. This result demonstrates 
that the fixed ferromagnetic layer is indeed formed of an 
antiferromagnetically coupled Co/Ru/Co sandwich. 
Since the lower Co film 200, by design, has a slightly 
larger magnetic moment than the upper Co film 225 be- 
cause of its slightly greater thickness (30A compared to 
25A) and because the lower Co film is in contact with 
the MnFe exchange bias layer 116, the moment of the 
lower Co film 200 is fixed in the direction of the exchange 
bias field of the MnFe layer 116 (which in Fig. 5 A is in 
the positive field direction). Thus the moment of the up- 
per Co film 225 is fixed in the negative field direction 
because the upper Co film 225 is coupled antiferromag- 
netically to the lower Co film 200 by exchange coupling 
via the Ru spacer layer 215. Thus in small positive fields 
the moment of the sensing ferromagnetic layer 132, 
which is free to rotate and follow the direction of the ap- 
plied field, is oriented along the positive field direction 
and is thus opposite to the moment of the upper Co film 
225 of the fixed ferromagnetic layer 118. Thus the re- 
sistance of the MTJ device is high. When the applied 
tield direction is reversed and becomes slightly negative 
the moment of the sensing ferromagnetic layer 132 be- 
comes oriented along the negative field direction and 
becomes parallel to that of the upper Co film 225. Thus 
Ihe resistance of the MTJ device is reduced. 
[0041] Fig. 5C shows the magnetoresistive response 
of a structure according to the present invention and 
similar to the structure whose responses in shown in Fig. 
5B except that the sensing ferromagnetic layer is com- 
prised of an antiferromagnetically coupled 40A 
Ni 81 Fe 19 /7ARu/30A Ni 81 Fe 19 sandwich. The magne- 
toresistive response curve is similar to that of Fig. 5B. 
In particular the resistance of the MTJ is high for small 
positive fields. However, the shape of the magnetore- 
sistive response curve can clearly be distinguished from 



that of Fig. 5B. In particular the curve is no longer cen- 
tered approximately about zero field but is shifted to 
small positive fields. Such a shift is consistent with a de- 
creased anti-ferromagnetic coupling between the sens- 
5 ing ferromagnetic multilayer 1 32 and the fixed ferromag- 
netic multilayer 118 which is consistent with a reduced 
magnetostatic coupling between these layers resulting 
from the reduced magnetic moment of the sensing fer- 
romagnetic layer. Note that in Fig. 5C the effective thick- 
10 ness of the sensing ferromagnetic layer is only approx- 
imately 10A of permalloy, which is ten times smallerthan 
the thickness of the sensing ferromagnetic layer in Figs. 
5A and 5B without a substantial affect on the magnitude 
of the magnetoresistance of the MTJ device. Since the 
*5 magnetostatic coupling between the fixed and sensing 
ferromagnetic layers is directly proportional to the mag- 
netic moments of these layers the use of antiparallel 
coupling layers in the fixed and/or the sensing ferromag- 
netic layers leads to substantially reduced magnetostat- 
ic jc coupling between these layers. 

[0042] Another ^nVantagg of an antipar^||^| ^pupl^H 
fixed ferromagnetic laver 11 a is an ^ff ^r-tiu^ inrrAa^p j n 
the magnitude of the exchange bias field provided by 
the antiferromagnetic layer 116. This is illustrated in Fig. 

2$ 6 and Figs. 7A-7B for the simpler case of a structure 
with only an antiparallel coupled fixed ferromagnetic lay- 
er. Fig. 6 shows the magnetoresistance versus field 
curve of the same sample as in Fig. 5A but over a mag- 
netic field range sufficiently large to reorient completely 

30 the fixed ferromagnetic layer. These data correspond to 
the as-deposited structure without any subsequent an- 
nealing treatment. The exchange bias field of the fixed 
ferromagnetic layer is approximately 1 30 Oe with con- 
siderable coercivity (approximately 70 Oe). Fig. 7A 

-35 s hows the magnetoresistance versus field curve of a 
M TJ with an antiferromagnetically coupled fixed ferro- 
m agnetic multilayer 118 having a ^ tP irttirQ nf th<q frtrm 
^Tq^Aai/ 4nAMi 0| r* |Q / 1QP AMn^Fe^ / 30ACo/ 
7ARu/ 25ACo/ 1I2AAI oxidized 120 seconds/ 100A 

40 Ni 40 Fe 60 / 200AAr~A very large magnetic field of greater 
than approximately 6,000 Oe is required to reorient 
completely the fixed ferromagnetic multilayer which is 
comprised of an antiparallel coupled multilayer 30A Co/ 
7ARu/25A Co similar to that of the structure whose re- 

45 sponse is shown in Figs. 5B and 5C. This field is clearly 
much larger than the field required to reorient the fixed 
ferromagnetic layer of the structure of Fig. 5A. This is 
an important advantage of using the antiferromagneli- 
cally coupled multilayer 118, The effective exchange bi- 

50 as field provided by the antiferromagnetic layer 116 is 
significantly enhanced by approximately the factor 
{t225 + *20oV '*225" t 20o'- where t225 and t 2 oo represent the 
thickness of the respective films in the multilayer 118. 
This is also shown by examining the response of the 

55 MTJ device of Fig. 7 A over a more limited field range, 
as shown in Fig. 7B. Fig. 7B shows the resistance ver- 
sus field curve of the same device as in Fig. 7A over a 
range of +/-200 Oe. The MTJ device exhibits a well-pro- 
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nounced step in resistance with no evidence for any re- 
orientation of the fixed ferromagnetic layer. The state of 
the magnetic moments of the films in the antiparallel 
coupled fixed ferromagnetic layer and the sensing fer- 
romagnetic layers are indicated schematically in Fig. 7 A 
and B by arrows. 

[0043] Similar improvements in the exchange biasing 
of the fixed ferromagnetic layer by using an antiparallel 
coupled fixed ferromagnetic multilayer are also obtained 
for structures in which the sensing ferromagnetic layer 
is an antiparallel coupled multilayer. 
[0044] In the present invention the antiparallel cou- 
pled fixed ferromagnetic multilayer 118 is deposited di- 
rectly on top of an antiferromagnetic layer 116. Layer 
116 is itself grown on a crystallographically conforming 
template layer. In contrast, film 245 (or subfilm 240) is 
grown on the tunnel barrier layer 120 which is amor- 
phous and has no well defined crystal lographic struc- 
ture. Thus the crystalline nature of layer 245 is unrelated 
to lhal of the layers within the fixed ferromagnetic mul- 
tilayer 1 1 8 on the opposite side of the tunnel barrier layer 
120. Similarly the flatness of the tunnelling barrier layer 
1 20, which is amorphous and insulating, is very different 
from that of the thin metallic layers from which the rest 
of the MTJ device is constructed. Thus, prior to the 
present invention it was not apparent that it would be 
possible to grow an antiparallel coupled sensing ferro- 
magnetic multilayer since this requires the growth of an 
extremely thin and flat antiferromagnetically coupling 
film 260 

[0045] It is believed that the growth of an antiparallel 
coupled ferromagnetic multilayer on top of the tunnelling 
barrier 120 will be enhanced if the films comprising the 
multilayer are relatively thick. This is because sputter 
deposited thin metallic films are typically polycrystalline 
with crystalline grains of size approximately that of the 
- thin film thickness. The use of an antiferromagnetically 
coupling film enables the usage of films in fixed and 
sensing ferromagnetic multilayers which are thicker 
than otherwise the thickness of single ferromagnetic 
fixed or sensing films without antiferromagnetically cou- 
pling films for the same application. Thus the use of an- 
tiferromagnetically coupling films enables greater flexi- 
bility in the choice of film thicknesses in the multilayer 
and thus additional control over the physical properties 
ol the films. In particular, it is difficult to grow an inverted 
magnetic tunnel junction structure with the sensing fer- 
romagnetic layer deposited first and the exchange bi- 
ased fixed ferromagnetic layer deposited on top of the 
tunnel barrier layer unless relatively thick fixed ferro- 
magnetic layers are used to enable a suitable conform- 
ing layer to be developed on which the exchange bias 
layer can be deposited, with thin fixed ferromagnetic lay- 
ers, such as 50A permalloy, very little exchange bias 
with, for example, MnFe layers is obtained. However, 
antiferromagnetically coupling films allow the use of 
much thicker films in the multilayer which are suitable 
conforming template layers and which then allow rea- 



sonable values of exchange bias field to be developed. 
For this reason, while the MTJ device described and 
shown in Fig. 4B has the fixed ferromagnetic multilayer 
118 on the bottom of the MTJ device, the device can 

5 also be formed by depositing the sensing ferromagnetic 
multilayer 1 32 first, followed by the tunnel barrier layer 
120, the fixed ferromagnetic multilayer 118, and the an- 
tiferromagnetic exchange bias layer 116. Such a MTJ 
device would then have the layers essentially inverted 

10 from the MTJ device shown in Fig. 4B. 

[0046] White the present invention has been particu- 
larly shown and described with reference to the pre- 
ferred embodiments, it will be understood by those 
skilled in the art that various changes in form and detail 

is may be made without departing from the spirit and 
scope of the invention. 



Claims 

20 

1. A magnetic tunnel junction device comprising: 

a fixed ferromagnetic multilayer whose mag- 
netic moment is fixed in a preferred direction in 

25 the presence of an applied magnetic field, the 

fixed ferromagnetic multilayer comprising first 
and second ferromagnetic films antiferromag- 
netically coupled to one another and an antif- 
erromagnetically coupling film located between 

30 and in contact with the first and second ferro- 

magnetic films; 

a free ferromagnetic multilayer whose magnet- 
ic moment is free to rotate in the presence of 

35 an applied magnetic field, the free ferromagnet- 

ic multilayer comprising first and second ferro- 
magnetic films antiferromagnetically coupled to 
one another and an antiferromagnetically cou- 
pling film located between and in contact with 

40 the first and second ferromagnetic films; and 

an insulating tunnelling layer located between 
and in contact with the fixed ferromagnetic mul- 
tilayer and the free ferromagnetic multilayer for 
45 permitting tunnelling current between the fixed 

and free ferromagnetic multilayers. 

2. A magnetic tunnel junction device according to 
claim 1 wherein the magnetic moments of the fixed 

50 and free ferromagnetic multilayers are substantially 
parallel or antiparallel to one another in the absence 
of an applied magnetic field. 

3. A magnetic tunnel junction device according to 
55 claim 1 wherein the free ferromagnetic multilayer's 

magnetic moment is substantially perpendicular to 
the fixed ferromagnetic multilayer's magnetic mo- 
ment in the absence of an applied magnetic field. 
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4. A magnetic tunnel junction device according to any 
of claims 1 to 3 wherein the magnetic tunnel junction 
stack further comprises an antiferromagnetic layer 
in contact with the fixed ferromagnetic multilayer for 
fixing the magnetic moment of the fixed ferromag- 
netic multilayer in said preferred direction by inter- 
facial exchange coupling. 

5. A magnetic tunnel junction device according to any 
of the preceding claims further comprising a sub- 
strate, and wherein the fixed ferromagnetic multi- 
layer, the insulating tunnelling layer and the free fer- 
romagnetic multilayer are formed on the substrate, 
whereby tunnelling current passes through the in- 
sulating tunnelling layer in a direction generally per- 
pendicular to the fixed and tree ferromagnetic mul- 
tilayers when the fixed and free ferromagnetic mul- 
tilayers are connected to electrical circuitry. 

6. A magnetic tunnel junction device according to any 
preceding claim wherein the first and second ferro- 
magnetic films in each of said multilayers are 
formed of Co or a Ni-Fe alloy and the antiferromag- 
netically coupling film in each of said multilayers is 
formed of Ru. 

7. A magnetic tunnel junction device according to any 
preceding claim wherein the first ferromagnetic film 
in each of said multilayers is formed of first and sec- 
ond ferromagnetic subfiims, the first subfilm being 
in contact with the insulating tunnelling layer and 
being formed of a material selected from the group 
consisting of Co, Co <100 . x) Fe (x) (where x is the range 
of 20 to 70) and Ni (100 _ x) Fe x (where x is approxi- 
mately 60). 

8. A magnetic tunnel junction read sensor for detect- 
ing external magnetic fields from magnetically re- 
corded data, the sensor comprising: 

a fixed ferromagnetic multilayer whose mag- 
netic moment is fixed in a preferred direction in 
the presence of an applied magnetic field in the 
range ol the external magnetic field to be 
sensed, the fixed multilayer comprising first and 
second ferromagnetic films antiferromagneti- 
cally coupled to one another and an antiferro- 
magnelically coupling film located between and 
in contact with the first and second ferromag- 
netic films for coupling the first and second fer- 
romagnetic films together antiferromagnetically 
so that their magnetic moments are aligned an- 
tiparallel with one another and remain antipar- 
allel in the presence of an applied magnetic 
field; 

a sensing ferromagnetic multilayer whose mag- 
netic moment is oriented generally perpendic- 
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ular to the moment of the fixed ferromagnetic 
multilayer in the absence of an applied magnet- 
ic field and is free to rotate away from said per- 
pendicular orientation in the presence of an ap- 
plied magnetic field in the range of the external 
magnetic field to be sensed, the sensing ferro- 
magnetic multilayer comprising first and sec- 
ond ferromagnetic films antiferromagnetically 
coupled to one another and an antiferromag- 
netically coupling film located between and in 
contact with the first and second ferromagnetic 
films for coupling the first and second ferromag- 
netic films together antiferromagnetically so 
that their magnetic moments are aligned an- 
tiparallel with one another and remain antipar- 
atlel in the presence of an applied magnetic 
field; 

an insulating tunnel barrier layer located be- 
tween and in contact with the first film of the 
fixed ferromagnetic multilayer and the first film 
of the sensing ferromagnetic multilayer for per- 
mitting tunnelling current in a direction gener- 
ally perpendicular to the fixed ferromagnetic 
multilayer and the free ferromagnetic layer, and 

a substrate, wherein the fixed ferromagnetic 
multilayer, tunnelling barrier layer and sensing 
ferromagnetic multilayer are formed on the sub- 
strate; whereby when the fixed ferromagnetic 
multilayer and the sensing ferromagnetic mul- 
tilayer are exposed to the external magnetic 
field to be sensed, the magnetic moment of the 
sensing ferromagnetic multilayer will change its 
orientation relative to the magnetic moment of 
the fixed ferromagnetic multilayer and the elec- 
trical resistance to current flow through the in- 
sulating tunnel barrier layer in a direction gen- 
erally perpendicular to the fixed ferromagnetic 
multilayer and the sensing ferromagnetic mul- 
tilayer will be altered, thereby allowing the ex- 
ternal magnetic field to be detected. 

9. A magnetic tunnel junction read sensor according 
to claim 8 further comprising an antiferromagnetic 
layer in contact with the fixed ferromagnetic multi- 
layer for fixing the magnetic moment of the fixed fer- 
romagnetic multilayer in said preferred direction by 
interfacial exchange coupling. 

10. The magnetic tunnel junction read sensor accord- 
ing to claim 8 or claim 9 wherein the first and second 
ferromagnetic films in each of said fixed and sens- 
ing ferromagnetic multilayers are formed of Co or a 
Ni-Fe alloy and the antiferromagnetically coupling 
film in each of said multilayers is formed of Ru. 

11. The magnetic tunnel junction read sensor accord- 
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ing to any one of claims 8 to 10 wherein the first 
ferromagnetic film in each of said fixed and sensing 
multilayers is formed of first and second ferromag- 
netic subfilms, the first subfilm in each of said mul- 
tilayers being in contact with the insulating tunnel 
barrier layer and being formed of a material select- 
ed from the group consisting of Co, Co (100 . x jFe (x j 
(where x is in the range of 20 to 70) and N i (1 oo-x>^ e x 
(where x is approximately 60). 
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12. The magnetic tunnel junction read sensor accord- 
ing to any one of claims 8 to 11 further comprising 
a biasing ferromagnetic layer for longitudinally bi- 
asing the magnetic moment of the sensing ferro- 
magnetic multilayer in a direction generally perpen- 75 
dicular to the magnetic moment of the fixed ferro- 
magnetic multilayer in the absence of an applied 
magnetic field, and an electrically insulating layer 
located between the biasing ferromagnetic layer 
and sensing ferromagnetic multilayer for electrically 20 
isolating the biasing ferromagnetic layer from the 
sensing ferromagnetic multilayer. 
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